This paper reports on a longitudinal study of lessons learned from a graduate-level New Product Development course taught at the University of California at Berkeley, comparing lessons learned by students during the course with alumni perceptions one to ten years after graduation. Previous research on student learning outcomes in New Product Development (NPD) found that on the last day of class students identify working in multifunctional teams and understanding user needs as their most important lessons learned. This study raises the question of whether or not students maintain the same emphasis on learning outcomes once they have moved on to careers in industry. To answer this question, we conducted 21 in-depth interviews with alumni who took the course between 1995-2005 and are now working in industry. A qualitative and quantitative analysis of the alumni interviews reveals that former students still highly value what they learned about team work and understanding user needs, but see more value in tools for concept generation, prototyping, and testing after gaining work experience. The results reaffirm the value of engaging students in multidisciplinary design projects as a vehicle for developing the professional skills needed in today's competitive new product development environment.
INTRODUCTION
Assessing student learning outcomes in project-based design courses is not easy [1, 2] , but it is even more difficult to assess long term learning outcomes once students have graduated and moved on to jobs in industry. Although there is much literature on course evaluation, self-assessment and selfreflection during a course and right after a course concludes, there is limited literature on whether or not students maintain the same "lessons learned" or priorities for learning outcomes once they have graduated and started working in industry. "Lessons learned," in this context, refers to data gathered through self-reflection during which students identify what they believe are important learning outcomes for themselves individually from a given course [2, 3] .
The New Product Development (NPD) course at UC Berkeley employs a project-based learning approach [4, 5] that places students from the College of Engineering, School of Business, School of Information, and the California College of the Arts (CCA) on multi-disciplinary teams to develop the team and process skills necessary for successful product development in today's competitive marketplace. 1 The students work in teams of 4-5 on a semester-long product development project. The class emphasizes going beyond generating a single new product. Students are encouraged to learn from their design project by capturing lessons learned and understanding how to apply design process and team knowledge strategically to new product lines. Each student brings his or her own disciplinary perspective to the team effort, and must learn to synthesize that perspective with those of the other students in the group to develop a sound, marketable product or service. Students ideally finish the course with an understanding of the new product development process, as well as useful tools, techniques and methods that support new product development practice in industry. Industry highly values students who understand how to solve open-ended design problems and apply the tools of design [6] , 1 Although the class technically focuses on the new product development process, the process students learn is more broadly applicable to services, strategies and business models. Students learn a customer/user-focused innovation process, and study cases in which it is applied both inside and outside the product development realm.
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but often regard this learning as lacking in current engineering curricula. (More details on the NPD course can be found in Appendix A. ) Hey et al. [3] conducted a study of lessons learned from students enrolled in the last six years of the UC Berkeley NPD course. The study of over 2,300 lessons learned revealed that at the end of the semester the students' most valued learning experiences focused around working in multidisciplinary design teams and gathering and analyzing customer and user needs (Tables 1a and 1b) . One of the observations from the study was the disconnect between time allocated to subjects in the course and the frequency with which the subject was mentioned in the lessons learned exercise. On one hand, for example, the lecture time spent on customer and user needs (14.7%) corresponded to the percentage of lessons learned related to customer and user needs (13.5%). On the other hand, less than 8% of the class time was spent on lectures involving teamwork, but over 35% of the lessons reported were in this category. Team issues are hard to teach, as data from previous work suggests, yet are critical to NPD success. While Hey's analysis focused on students' reflections on the course at the end of the semester, alumni perspectives are also an important part of assessing how well courses and programs prepare students for their future careers [7] [8] [9] . To better understand how well the UC Berkeley NPD graduate course prepares its students for jobs in innovation and design, this paper presents a qualitative and quantitative analysis of 21 in-depth interviews conducted with alumni from the NPD course. The interviews were semi-structured to allow alumni to reflect on the course and see if, in retrospect, they believed the course helped prepare them for their work in industry. We compare the alumni interview data with results generated by Hey et al. [3] , to see whether or not students maintain the same emphasis on lessons learned once in industry. 
LITERATURE REVIEW
Various methods for assessing learning outcomes are used in education research. Olds et al. [10] conducted an extensive review of assessment methods in engineering education and noted that the most widely used methods are: surveys, focus groups, interviews, and experimental design. Ethnographic methods and observation tend to be less widely used as assessment methods in education.
Prior work [7] [8] [9] [10] [11] surveyed alumni to obtain feedback on engineering curricula and educational experiences at a higher level, but focused primarily on entire degree programs rather than on individual courses. Students are typically surveyed or interviewed immediately upon exiting a course or program, but not after they have been in industry for some time. The ABET Engineering Criteria 2000 [7, 12] called for continuous improvement of engineering programs across the U.S, with clear objectives and performance measures and prompted many to solicit feedback from primary stakeholders, including current students and alumni, to assess and evaluate program outcomes and program educational objectives [10] . Some programs employed surveys to capture information on the professional accomplishments of alumni and to measure learning outcomes and the success of engineering programs for enrolled students. At a macroscopic level, soliciting alumni feedback has proven useful in improving curricula.
Sheppard et al. [13, 14] created a framework for curriculum assessment called ME-PEER. The goal of the project was to create a peer-review protocol to assess teaching in the Mechanical Engineering Department at Stanford University, in part by gathering student input through peer interviews. They found that student interviews are a source of rich constructive feedback, providing useful and concise information about learning and teaching methods that impact students' learning.
The 'lessons learned' exercises reported by Hey et al. [3] used students' semester-end self-reflection as an assessment method to provide insight into what students themselves viewed as the salient learning experiences in the course. This exercise, in which students share their individual lessons learned in small groups, helps students reflect on and learn from their individual and shared class experiences and personal stories. This promotes discussion and documentation of each lesson as well as anecdotes of actual project experiences.
ALUMNI DATA COLLECTION

Compilation of Alumni Information
To initiate the process of contacting alumni for interviews, we compiled a list of nearly 400 students who took the course between 2000-2005 and also sampled students from 1995-1999. With the help of the Berkeley College of Engineering Alumni staff, the School of Information, and other alumni associations and faculty records, we obtained contact information for almost half of our NPD alumni list. As we wanted to focus our assessment efforts on alumni who had graduated and moved on to industry jobs, continuing students were removed from our list, leaving us with 85 potential alumni contacts for a first round of interviews. We initially contacted these alumni by e-mail and found 23 former students willing to participate in interviews, giving a response rate of 27.1% (23 out of 85 possible interviews).
Interview Design
Interviews allow one to capture data and information that cannot be captured through surveys or observation methods alone, providing one with a richer data set. Based on Hey's work on "lessons learned" [3] , we developed interview questions structured to help us understand which aspects of the course alumni value and use in their current profession. We also generated a set of questions aimed at eliciting more general information about what the alumni are doing now, how innovation fits into their current work, and what they remember about or from the class. We created a semistructured interview guide to maintain some consistency in the interviews as they were conducted by multiple New Product Development graduate students. The interview protocol contained both open-ended and numerical rating questions.
The categories covered in the interview included:
• Personal background (e.g., name of employer, type of business, position/title, experience with innovation or NPD) • NPD course impact on career direction • Importance of course topics in their day-to-day work • Use of specific NPD methods and tools in their current job • Importance of understanding customer and user needs in their current job • Reflection on course project and team dynamics • Advice and suggested course improvements
The interviews focused on learning outcomes, to see if the NPD course is truly serving its students. The instructors plan to use the results to identify course improvements and validate and retain successful course components. The interview analyses in the next section give a preliminary look at these alumni perspectives.
INTERVIEW ANALYSIS AND RESULTS
Overall, we conducted 23 in-depth interviews. Interview data consisted of either transcribed audio tapes or field notes. Two of the interviews were removed from the analysis because one was deemed incomplete and another came from a former student who was still attending the university, leaving 21 full in-depth interviews for the qualitative analysis in the following sections. Although our work deals with a relatively small, sample we attempted to get representation across course years and across disciplines. Breaking down alumni responses by year we have:
• Although the NPD course has evolved over the years its core focus has remained the same, and many common themes arose from the interviews.
Our interview analysis looks beyond the numbers to gain an understanding of alumni feelings, impressions and viewpoints on the NPD course. We read each of the interviews over thoroughly and organized, on paper, the main categories and themes that initially emerged. We coded the interview statements to draw out the main lessons learned that arose during each interview and then categorized and coded the interview statements in an iterative process until a consensus was reached. Through this iterative process, we synthesized the main lesson categories and themes. Although the interviews were semi-structured, containing both quantitative and open-ended questions, we let the content of the responses drive the development of the categories in our analysis. The results are discussed in the following sections.
Background Information on Alumni Respondents
Nine of 21 alumni (43%) indicated that they had prior experience with NPD before taking the course. This experience was gained through prior undergraduate courses in NPD, internships and full-time employment. The CCA students were undergraduates, although a number of them worked before entering the program. Many of the alumni of the UC Berkeley School of Information and College of Engineering went directly to graduate school after completing their undergraduate degrees, so they had little if any full-time work experience. In contrast, the MBA students uniformly had at least 3-4 years of industry experience before attending business school. Twenty out of 21 alumni (95%) stated that their current jobs involve innovation and that they are either directly or indirectly working with some, if not all aspects, of the NPD process.
Motivation for Taking NPD and Impact on Career Plans
Reasons for initially taking the NPD course varied slightly, but most alumni decided to take the course because: (1) the class came highly recommended from classmates, (2) they wanted to work in a multi-disciplinary team, and (3) they had a general interest in learning more about new product development. All Berkeley alumni expressed at least one, if not all of these sentiments. The CCA students took the course because it was a requirement for their program, but expressed a strong desire to better understand engineering considerations in the design process.
Everyone genuinely appreciated the class, but only two alumni said it drastically affected their career decision, one referring to the course as a "career altering class." The 19 other respondents (90%) for the most part believed the NPD course did not drastically alter their career plans as many of them had prior job commitments, prior exposure to or interest in NPD, or already knew what career path they wanted. Those alumni who eventually took product development roles in industry, believed the course solidified their desire to do innovation and product development as illustrated by one response:
" The interview responses suggest that students self select for the course. Most entered the course with an idea of the kind of career they wanted already in mind and some already had jobs in industry waiting for them once they completed the course. The graduate NPD course can be viewed as a vehicle that helps future product developers solidify their interest in NPD and, as mentioned in the course objectives, "develop the skills necessary for product development in today's competitive marketplace."
NPD Methods and Skills Valued in Industry
Alumni were explicitly asked to name or describe the NPD methods and tools they use in their current work as well as give examples of how they apply them. These responses are based on initial recollections of the course. We highlight the methods and skills that alumni use in industry, focusing on the methods, tools, and skills they employ. Table 2 illustrates which of the tools and skills taught in the NPD course alumni utilize or value the most in their current jobs.
'User needs' and 'working in diverse teams' were the two NPD lessons most mentioned across the interviews in response to the open-ended questions. This result parallels Hey's analysis of the frequency of lessons learned in the semester-end study [3] . The interview comments also make it clear that further industry experience has helped alumni refine their abilities in these areas. Most alumni believe the NPD course gave them their first real exposure to multidisciplinary team dynamics and skills to create effective communication among team members. Two alumni did not single out particular methods as they believed all are a vital part of NPD. 
"All of the topics and methods
that were covered in class have helped me in my current job."
Rating the Importance of Lessons Learned
To supplement the open ended discussion on NPD methods and skills, alumni were presented with a list of the most frequently mentioned "lessons learned" from Hey's work which they were asked to rate based on how important the topics are to them in their day-to-day work. The lessons learned topics were rated by alumni on a scale of 1 to 5 (1=least important, 5=most important) to assess the importance of certain NPD tools, methods, and skills in their current job. The list included items they may or may not have explicitly mentioned or recalled in the open-ended part of the interview. The results are summarized in order of importance in Table 3 . In looking over the results in Table 3 , it is reassuring that on average all of the topics were rated "3" or higher, indicating that all were of value to the alumni. Working in multidisciplinary teams ranked at the top. Although the teamrelated lessons were aggregated for the importance ratings, the result demonstrates that alumni use and value team-related skills in their current jobs. This shows that consistent with the semester-end lessons learned priorities reported by Hey et al. [3] , having a skill set for working in multi-functional teams is important for both students and alumni. Also in line with the previous section of open-ended responses, each alumnus said that the ability to work on a diverse team and generate multiple design concepts for a problem are skills they utilize everyday in industry. Developing the skills necessary to work in teams seems to be the big take away from the course based on the importance ratings and open-ended responses from alumni and Hey's previous lessons learned work. Many felt that the team situations they experienced in class prepared them for their current jobs. Some alumni also said they took the class because it was a chance to work with students from other disciplines.
'User needs' showed up in the top four, but unlike the semester-end lessons learned study, concept generation and concept prototyping/testing were also ranked with similar importance by the alumni. Some kind of reinforcement of the class learning must have happened in industry or in other classes to change the relative emphasis. This difference might be associated with how prototyping and testing was handled during the course project. User needs identification was viewed as a continuum of activities from "concept testing" the story or idea to the production and testing of the final prototype. Many of the teams were only able to develop rudimentary prototypes due to time limitations of the 15-week semester. Thus, although alumni now believe prototyping and testing are important NPD methods to use in industry, some felt their course project did not give them sufficient time or resources to prototype, iterate and test during the class. While some alumni did not recognize the importance of prototyping during the course, they wish they could have done more as they now recognize its value.
• Design for assembly/manufacture/environment and financial analysis were ranked "3" or higher, but had the lowest scores and largest standard deviations in the importance ratings. Alumni who valued these course topics most are the ones who now deal with these topics on a daily basis or are currently running their own companies and have to look at the product development process from start to finish.
Retrospective on Team Project
When alumni reflected on their projects and projectrelated experiences in the course, many first recalled team dynamics and then the project itself. Most stated that they did not have smooth team interactions at the beginning of the project, and that trying to understand and appreciate the different perspectives of their teammates is what prepared them most for their work in industry. Alumni expressed an appreciation for working with other disciplines as this now helps them deal with diverse teams at work. One alumnus stated that s/he tried to look at projects from everyone's view point. Overall, the team project is where alumni developed an appreciation for different skill sets and viewpoints on a product development project.
Alumni emphasized that most of their learning came from the course project, where they had a chance to practice the methods and tools discussed in class:
"The project was more important than lectures because it was more tangible…I remember very well the steps that we went through as part of the project in developing the product." 
Tools and Methods for Teams in Industry
On the topic of working in cross-disciplinary teams, alumni were asked to reflect on their team experiences in industry and were also asked whether or not formal tools for team building, such as Myer-Briggs personality tests and 360-degree peer reviews, were used to help form and evaluate teams. Three alumni (14%) explicitly stated that they use the formal team building tools mentioned, one of which indicated that tools slightly different than those taught in NPD are used. Nine out of 21 alumni (43%) said that they do not use any tools or methods to enhance teamwork in their current job, while the remaining nine out of 21 alumni (43%) characterized their company's approach to team formation and dynamics as a more "informal process."
•
"[My company] is not a "tool" based culture for managing people -getting people together is the main tool. Formal tools are not institutionalized." • "The tools…like Myers-Briggs, they don't really happen, unless you're in leadership training…in every day it doesn't happen because people move in and out of teams very often…"
For this informal process, team building activities and informal gatherings are often used to help team members form a bond and work well together. 360-degree feedback comes from peers, co-workers, managers, and others within an organization. The NPD course utilizes these methods for evaluating projects, but it is also used in industry. When implemented correctly, 360-degree reviews have been shown to have a positive impact within a company [15, 16] . However, the majority of our alumni sample indicated that 360-degree reviews were not used in their company. Six alumni (29%) indicated that they do have formal performance or work reviews regularly. However, these are often done by managers and those in higher positions within the company. Two out of the six aforementioned alumni said their peers also took part in their performance reviews when working on large projects, but the general consensus is that 360 peer reviews do not take place often.
Understanding Customer Needs -Industry Perspective
In this section, we highlight the methods and tools that alumni use in industry to help better understand their customers and design products that meet customer needs (Table 5 ). For confidentiality reasons we do not reveal the details of specific projects alumni have worked on but discuss the methods they employ.
Fifteen alumni (71%) expressed a heavy and direct involvement with customer and user needs research at their current job, involving user observations, focus groups, interviews, and surveys. All of these alumni are currently working for design firms or are in product manager or design roles in their companies, so the direct involvement with customers is expected. The importance of understanding customers in order to have successful products was emphasized by each alumnus during the interview.
Three alumni (14%) have a limited or indirect involvement with customer and user needs for their work. Indirect involvement is described as using customer related data provided by marketing and human factors departments, and then stepping into the user needs process when concepts are being tested or have failed, requiring reassessment of the customer needs.
"Customer needs are given to us in the form of the product specifications."
The three remaining alumni could not identify strongly with the process of identifying customer needs during the interview because they minimal or no interaction with customers, but they recognized the importance of understanding customer needs in order to create successful products. There was one interesting comment from an alumnus regarding user needs. His/her current employer relies heavily on innovation, but does not believe in waiting for customer needs to emerge with the tools and methods taught in class:
" Alumni tended to connect user needs with concept testing. They stressed how important it was in their current jobs to take concepts to customers and clients in order to obtain feedback before releasing products to the market. Alumni who are indirectly involved with user needs research at their current jobs reported using the data provided to them by marketing. Once concepts were generated and prototyped, they were taken to customers for feedback and further adjustment. Two alumni currently work for corporations that can afford to let the market determine the success of their products using rapid and iterative product releases to determine market trends and user needs.
Many alumni also indicated that at larger corporations conducting surveys and focus groups was more common than ethnographic methods that follow users around in their daily lives to uncover implicit needs.
Alumni Recommendations
Alumni were also given the chance to reflect on what they would change about the course if given the opportunity. Their responses were more varied than the results discussed in previous sections. In reflecting on the course from the vantage point of their current jobs in industry, alumni tended to recommend specific changes such as more user needs analysis, more case studies, more failure examples, and more time with coaches. Others asked for fewer case studies, less lecture time, and less focus on user needs. One universal recommendation that arose was the concern that one semester is not enough time to truly cover all of the course topics in-depth. Alumni who felt certain aspects of the course should be reduced or increased often made those suggestions within the broader context that there was not enough time to cover and finish everything. Some explicitly stated that an extra semester would have given them a chance to really refine their product concept and prototype:
"
I feel that the current format does not leave much room for prototyping and user testing iterations, two crucial phases of the process…one semester is a little short to really get into what design is."
Many alumni felt that they could have learned more about concept testing and prototyping, but due to the fast pace of the course had little time to fully carry out these tasks. Alumni felt they gained more experience with concept testing and prototyping through other courses in their degree programs or through their jobs in industry.
Alumni also gave related suggestions to improve the course and, in retrospect, their learning experiences. One former student proposed splitting the course into two semesters and better coordinating the topics with other NPDrelated classes offered on campus, such as the High-Tech Manufacturing course offered by the Mechanical Engineering department or the Intellectual Property course offered by the School of Business. Suggestions were also made for an NPD program track or certificate offering within the School of Business or College of Engineering. Alumni emphasized that a NPD skill set is valued highly in industry.
"Create a New Product Development track or certificate… these [programs] are becoming very interesting for companies to hire from."
Many of the course alumni are in product manager and design-related roles, and now appreciate the skill set the course helps students build.
CONCLUSIONS AND FUTURE WORK
The interview analysis reported in this study provides a preliminary look at the tools and topics alumni value the most in a multidisciplinary project-based New Product Development (NPD) course taught at UC Berkeley. As the course is similar to project-based NPD courses taught at other universities [17, 18] such as the Massachusetts Institute of Technology, University of Michigan, and University of Illinois, to name a few, we expect the results are of more general applicability. Alumni with one to ten years in industry valued working in multi-disciplinary teams as the most important aspect of the NPD course, similar to the emphasis students held at semester-end. However, in contrast to the semester-end lessons learned, where understanding user needs was ranked second highest in frequency, concept generation and prototyping/testing emerged as of more or equal importance to alumni. Alumni noted the value in being able to rapidly generate concepts, prototype and test ideas effectively and quickly in industry. Many of the alumni looked back on the course as the one which prepared them the most for industry work.
The alumni reflected on the class through the eyes of their current jobs. For example, those who valued costing analysis and design for manufacturability tools were those who now work with it on a daily basis in industry. Those who are currently in higher positions of management or running their own companies thought all aspects of the course were equally important. However, those with more focused roles in a company, such as test engineer, rated understanding user needs lower than other course methods and tools because they rarely interact with customers.
Although the results span a decade, 1995-2005, alumni universally valued the team-related lessons they learned. Regardless of their current employment, all alumni said that working in diverse teams was the main aspect of the course that prepared them the most for a job in industry.
The multidisciplinary team projects gave all of the alumni a look at real world team dynamics. Whether or not the alumni appreciated the team project at the time, they all agreed that their team project experience is very close to what they now experience in industry.
As part of our future research, we also want to better understand entrepreneurship in NPD and why the majority of the students did not develop their class projects further the next semester or after graduation, while some did. We will identify what factors enabled some student teams to obtain further funding and turn their former NPD projects into successful commercial ventures.
Currently, we are moving forward in an effort to gather more alumni data through an online course survey to be sent to alumni who did not participate in the in-person or phone interviews in order to gather a richer data set and more insights into the findings from the interview analysis presented in this paper.
